Experiment 2-1 -- Atomic Spectroscopy

Most substances will emit light energy if heated to a high enough temperature.  For example, a fireplace poker will glow red if left in the fireplace flame for several minutes.  Similarly, neon gas will glow with a bright red color when excited with a sufficiently high electrical voltage.  When energy is applied to a substance, the atoms present in the substance may absorb some of that energy.  Electrons within the atoms move from their normal positions to positions of higher potential energy farther away from the nucleus of the atom.  Later, atoms which have been excited by the application and absorption of energy will "relax" and will emit the excess energy they had gained.  When atoms re-emit energy, often a portion of this energy is visible as light.

The atoms of a particular element do not emit a continuous spectrum, like the sun, but rather emit visible radiation at only certain discrete, well-defined, fixed wavelengths.  If the light being emitted by a particular element is passed through a prism or diffraction grating, and viewed with a spectroscope, only certain sharp bright-colored lines are seen in the resulting spectrum.  The positions of these white lines occur in the corresponding location (wavelength region) as in the spectrum of white light.  

A spectroscope includes four major features:  a slit for admitting a narrow, collimated beam of light; a prism or diffraction grating that spreads the incident light into its component wavelengths; a telescope for viewing the spectrum; and an illuminated reference scale against which the spectrum may be viewed  The scale is provided merely as a convenience, and the divisions on the scale are arbitrary.  For this reason, the spectroscope must be calibrated before use in determining the spectrum of an unknown element.  This is accomplished by viewing an element that produces especially sharp lines in its spectrum and whose spectrum is known with great precision.  Then a calibration curve that relates the wavelength of a spectral line of the known element to its position when viewed against the spectroscope scale is prepared.  The calibration curve may then be used to calculate the wavelengths of emission lines in the spectra of unknown elements when viewed through the same spectroscope under the same conditions.

We will calibrate the spectroscope using mercury.  The spectrum of mercury has been intensively studied.  It has several bright lines in the visible region:
	404.7 nm
	violet (often not seen)

	435.8 nm
	blue

	546.1 nm
	green

	579.0 nm
	yellow


A calibration graph will then be prepared using Graphical Analysis, a computer program that will construct a best-fitting straight line for the calibration curve.  This graph will be used for the determination of the lines for hydrogen.

Objectives

· To construct a calibration curve using a mercury vapor lamp and computer software specifically designed for graphical applications

· To determine the wavelengths of the spectral lines for hydrogen gas

Apparatus and Materials

spectroscope
mercury vapor lamp
high-voltage power pack

hydrogen vapor lamp
computer
Graphical Analysis
Procedure

1. Put on goggles now!!!  Mercury vapor emits harmful UV light!  Obtain a spectroscope.  Look through the eyepiece, and make sure that the mercury vapor lamp can be viewed through the slit when the lamp is turned on.

2. When everyone is ready, the instructor will turn on the mercury vapor lamp.  Look through the eyepiece and adjust the slit opening of the spectroscope so that the mercury vapor spectral lines are as bright and sharp as possible in the illuminated range of the spectroscope (to the side of the slit).

3. Record the color and location on the numbered scale of the spectroscope for each line in the visible spectrum of mercury.  You should see yellow, green, blue, and possibly violet.

4. When everyone has recorded the lines for mercury, the instructor will switch to the hydrogen lamp.  Repeat the procedure for the hydrogen lamp.

5. You will now need to prepare a calibration curve.  Go to your lab station and turn on your computer.  Open Graphical Analysis for Windows (it is on the desktop).  Ask for assistance if you need it.

6. On the data side (left) of the screen, enter the values for the observed scale readings as "Y" and the corresponding wavelength as "X."  This will produce either 3 or 4 points, depending on whether or not you observed the violet line.  The wavelengths are:

	404.7 nm
	violet (often not seen)

	435.8 nm
	blue

	546.1 nm
	green

	579.0 nm
	yellow


7. Once you have entered the data, point and click, with the mouse, anywhere in the graphical region (right side) on the screen.  This will highlight the graph.

8. Open the menu Analyze, and then choose Automatic Curve Fit.  Choose linear from the small menu (M*x + B).

9. Choose OK--keep fit.

10. Open the Analyze menu again, and choose Interpolate.  You can now trace the line and get the X and Y values for any point on your calibration curve.

11. You can now find the wavelengths for the lines on the hydrogen spectrum.  You may have to expand the axes to find all of the points.  To do this, click on the outlined arrows next to X and Y on the axes of the graph.

Data and Observations

Description of the spectrum of mercury:  ______________________________________________________________________________________________________________________________________________

	Color
	Description
	measurement

	
	
	

	
	
	

	
	
	

	
	
	


Description of the spectrum of hydrogen: ______________________________________________________________________________________________________________________________________________

	Color
	Description
	measurement

	
	
	

	
	
	

	
	
	

	
	
	


Analysis of Data

From graphical analysis:  

	slope of calibration curve line
	

	y-intercept of calibration curve
	

	mean square root error
	


	Transition
	Experimental Wavelength (from graph)
	Theoretical Wavelength

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


The experimental wavelength is the one obtained from the calibration curve.  The theoretical wavelength is calculated using the equations:
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The transitions involved in the visible range for hydrogen are:  
n=3 ( n=2; n=4 ( n=2; n=5 ( n=2; n=6 ( n=2. . . .
Conclusion


Calculate a percent error for each wavelength in the hydrogen spectrum.  If your experimental wavelengths differ significantly from the theoretical wavelengths, give some possible explanations for your error.  State what you learned.
Lab Report


Your abstract should contain a description of what is to be done, as well as a purpose/objective statement.  There is no hypothesis.  You do not need to write a procedure.  You should complete data and observations, analysis of data, and a conclusion (which need not include an analysis of the procedure, but should include error analysis and discussion of possible sources of error).  The conclusion should also include a discussion of the scientific concepts involved in the experiment.
_1127018667.unknown

_1127018728.unknown

